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STEAM CONSUMPTION IN AN ELECTRIFIED SUGAR MILL 
By J-osE R CARRERAS, B. S., Chief Engineei·, Juncos Central Co. 
'I'his paper is a brief abstract of a complete study made on the 
steam consumption of a sugar factory of this Island, with a quadruple 
effect evaporative installation, and on the expected steam consumption 
after the addition of a pre-evaporator which would supply also 
Yapors to the juice heaters. 
The scheme of adding a pre-evaporator to a quadruple effect 
forming a quintuple, and at the same time, supplying i.1apol's at 
double effect to the juice heaters, is not new, as 1nost of you may 
know. Noel Deel'l· in 1 ' Sugar'' and 1Iausbrand in '' Evaporating, 
Condensing, and Cooling Apparatus", treat that and similar schemes 
fully, and actual installations may be found in Cuba, Hawaii and 
other countries. So far as I know, though, this system has neYer 
been worked before in Porto Rico. 
Before going into the discussion of the steam requirements, in 
the actual and in the system in project, a brief description of the 
fi-1ctory apparatus and process is necessary. 
Actually, the factory is almost wholly electrified. It has one 
7.30 KW. Westing·house Reaction type steam turbine and one 500 
KW. Westinghouse lmpnlse type turbine. One Corliss engine of 
120 HP. and one Corliss engine of 450 HP. driYe most of the mill, 
and 100 I-IP. in small steam pumps arc scattered in various works 
in the factory. 
The juice is · passed through three juice heaters, 1,250 square 
feet H. 8. and heated to 212 degrees .B"ahr. After being clarified, it 
c?iten:. the quadruple effect at an average temperature of 180 degrees 
Fahr.
1 
and leaves as syrup of 27 degrees Beaurn.e. Strikes of "Puras" 
and 'i first' 1 , masseenites are done in a. calandria pan; ''second'', 
"third u and some '1 first" are done in two-coil pans. 
'l'he juice heaters and quadruple effect work with exhaust steam 
"nd the addition of live steam to mantain 6 lbs. ga. back pressure 
at the evaporator, or 11 lbs. ga. at the engines. 
1'he ealandria pan works with exhaust steam exclusively. 1'he 
coil pans vrnrk mainly ·with live steam. 
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With the system in project, the juice heaters will work with 
vapors fr0111 the pre-evaporator; the pre-evaporator ,Yill work w-ith 
the exhaust steam pressure smne as previously ; the calan<lria pan 
with exhaust exclusively, and the coil pans with live steam 1nai11ly, 
or if able, witlL exhaust steam exclusively. A new juice heater, 
1,000 square feet H. S. will be installed also, for reheating the juice 
after clarification, and will work with vapors from the pre-evaporator. 
Now, a word before submitting the results obtained. It would 
be foolish to claim exactness in the figures to be submitted. 'fhey 
represent the result8 from average conditions at the usual heavy 
rate of grinding and for 1naximnm normal extrnction of 83 per 
cent and 35 per cent dilution on cane. rrhe calculations have beeu 
made mainly to show the relative proportions an1011g the steam 
requirements or the different apparatus in the old and in the system 
in project. Please remember, therefore, that the tabulation of 
results given below 11111st be considered as fairly approximate to 
the steam consumption of the apparatus. 
TABULATION OF RESULTS FOR THE 750 KW. TURBINE UNIT IN 
SERVICE 
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Comparative Heat Balance in Pounds Steam per Pound Juice per Hour, 
750 KW. Turbine Unit in Service 
\VI'fll(ll"'!' P1u:.EVAPOIL\TOR 8YS'.l'E.1'I: 
Exhaus~ J.H'{HlUCC'd h;v-
Tnl'bine ______________ , ______________________ 0. 2-rn 1 
Corliss engi11es ------------------------------- 0. 1064 
Steam ('Hgines _______ ------- ----------------- 0. om G 
o.+HH 
Exl1aust required-
First heatinJ!------------------------------ 0. 1370 
Reheating _____ ----------------------------- O. O.J.G.J. 
P,ntporation ___________ --------------------- 0. !3230 
Boiling in ealmulria ------·--- --------------- 0. Ofl31 
0.4D95 
Df'1kit in exhaust :-;tcnm ________ ---------------· -------- 0. OS3.J-
0. -HH)5 O. -:1-fJfJ5 
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Ext·ess in exhaust ~team----------. 
0. -!101 0. -~](ii 
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TABULATION OF RESULTS FOR THE 500 KW. TURBINE UNIT IN 
SERVICE 
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Co:nparative Heat Bal~nce in Pounds Steam per Pound Juice per Hour, 
500 KW. Turbine Unit in Serv\ce 
\Yrrmlll? i'RE-E\'APCR.\TOI~ SYS'l'E}.f: 
Exhaust produced hy-
TurlJine ________ ----------- ______ ----------- 0. 1849 
Corliss c11gines ----------------------------- 0.1054 
Steam engines ______________________________ 0. 0616 
0. 35HI 
Exhaust required-
First heating ______ ---------- ____ ----------- 0. ]370 
Reheating _____________ --------------------- 0. O·W·1 
Evaporation _________ ------ _________________ 0. ~230 
Boiling in calandria ------- ----------------- 0. 0931 
Deficit in exhaust :-;team _________ , _____________________ _ 0. 1-!-70 
0.4900 
Deficit in exhaust ste•1m _______ --------- -------------------- __ _ 
Deficit in liYe steam equiYalent ________________________________ _ 
ll, .J:flfl;) 
0. +fHLJ 
0. ]4-i(j 
o. 1B21 
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Usrno PRE-EVAPORATOR SYSTEM: 
Exhaust produced by-
Turbine------------------------------------ 0. 1840 
Corliss engines------------------------·----- 0.1054 
Steam engines------------------------------ 0. 0616 
Exhaust required-· 
First heating _______________________________ O. 0000 
Reheating ___________________________________ 0. 0052 
Evaporation ________________________________ O. 3135 
Boiling in ca1andria ------------------------ 0. 0800 
Deficit in exhaust steam _______________________________ _ 
0.351D 
0.3996 
0.047i 
0.3996 0.3996 
De:fieit in exhaust. steam---------------------------------------·- 0. 0477 
Now, let us discuss the figures obtained for the 750 Ii:IV. turbine 
unit, which is our mosiJ convenient condition in the actual installation. 
Without the pre-evaporator, 0.0746 pound of live steam per 
pound juice per hour mnst be added to the exhaust for the heating 
requirements. If we could save this live steam, the economy for 
a 2±-hour clay would amount to-
162,250 X 0.0746 X 24 + 7.37 = 39,415 pounds of coal, or 17.6 
metric tons per clay. 
Coal is considered as having 11,850 B.'l'.U. 
Efficiency of boilers as 60 per cent. 
Equivalent Evaporation= 11,850 X .6 + 963.61 = 7.37. 
If a $10 price per metric ton of coal is consiclerecl, and if it were 
posible to maintain the 1,500 tons per clay rate of grinding· during 
125 clays of the seasOn, the saving would amount to-
17.6 X 10 X 125 = $22,000 for the year. 
With the installation of the pre-evaporator under the scheme 
explained, it is seen from the tabulations, that working with the 
750 K\V. turbine unit, there will not he the neeessity to add any 
live steam to the exhaust; to the contrary, there will be an excess 
of exhaust steam of 0.0165 pound per pound juice per hour. which 
repre~ents about 0.0165 X 100 + 0.4161 = 4 per cent of the total 
exhaust steam proclncecl. This excess may be employed to substitute 
live steam in the coil pans, and thus its loss be avoided. 
For the 500 KW. unit, the difference between the deficit of 
exhaust steam in both cases is 0.1476 - 0.0477 = 0.0099 pound 
exhaust per pound juice, or 0.0894 pound equivalent live steam 
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r·er pound juice per hour, in favor of the projected system. 'rl1is 
is a saving of 21.08 metric tons coal per clay, or $26,350 per 125 
days grinding. 
Vi.Tith this turbine' in service, there will always be required a 
small amount of live steam for the normal evaporating load, and 
there will rarely be occasions of excess exhaust. We expect th~t 
it will prove to be the most economic scheme for the factor)'. 
Since a pre-evaporator installed under the discussed system, com-
1•letely erected with its accessories, will cost about $25,000, it is our 
opinion that it is a ,vorthwhile inYestment to be 1nacle in any sugar 
factory. Its cost may he saved almost completely in just a year of 
grinding. 
A paragraph of explanation before I close. 'I'he amount in dol-
lars that ,ve claim may be saved in a year of grinding, ·we don't 
mean it to bP necessarily in dollars. The saving made will appear 
in the Yalne of the coal economized clming the year and in the 
value as a fuel of the bagasse pile left over as excess. 
To those interested in this matter, the tabulations of results 
given in this pape1· may be helpful in some other considerations 
that come along with the prohlem, but that I do not deem proper 
to discuss now. Our aim has heen merely novi' to call your attention 
to the distribution of the steam load in the factoTy and to the large 
saYing that may be made in fuel consumption, if schemes are worked 
toward the diminution of the steam consumption in the cYapornting 
and graining- stations of the factory. 
